■ Introduction
Chronic wounds represent a signifi cant problem for the health system; in the United States, they affect 6.5 million patients, and estimates of treatment costs are as high as $25 billion per year. 1 Leg ulcers are a common type of chronic wounds, and venous leg ulcers (VLUs) represent about 70% to 90% of these lower extremity wounds. The cost of VLUs is signifi cant, reaching $3.5 billion annually for the US health system. 2 In addition, many venous ulcers fail to heal normally and thus become chronic. A leg ulcer is considered chronic when there is no healing of the wound within 6 weeks or when there is a recurrence. 3 Besides treatment costs, many patients with VLUs are unable to reconcile wound care therapy with the requirements of their jobs. These challenges may lead to lost wages or early retirement. 1 Furthermore, patients with VLU experience changes in their health-related quality of life, including pain with dressing changes, daily discomfort related to edema, odor, impaired mobility, and social and family isolation. 4 , 5 Multiple studies have been conducted to determine the best management approach to VLU, specifi cally therapies that promote healing, reduce the cost and duration of treatment, reduce or prevent recurrence, and improve patients' health-related quality of life.
■ Pathophysiology of Venous Leg Ulcers
Venous insuffi ciency develops when the valves in the superfi cial and/or deep venous system are damaged, leading to increased hydrostatic pressure and venous hypertension. 6 The increased hydrostatic pressures in the capillary beds force fl uid, red and white blood cells, and plasma proteins out of the vessels into the surrounding tissues; triggering an infl ammatory response that, over time, produces tissue fi brosis and renders the tissues vulnerable to breakdown. Minor trauma may lead to ulceration that is frequently nonhealing or recurring. 7 A systematic review published in 2007 pointed out that the most effi cient way of treating venous ulcers is to address the underlying venous insuffi ciency and recommended the use of compression therapy as the gold standard treatment for VLUs. 8 Compression therapy can minimize or reverse the effects of venous insuffi ciency by forcing fl uid out of the interstitial space and back into the vascular system. However, this is a temporary solution and works only while the patient is wearing the compression device; this means that the patient must wear compression stockings even after the ulcer has healed. 8 Compression therapy is recommended by the Scottish Intercollegiate Guidelines Network, Royal College of Nursing, and the Wound, Ostomy and Continence Nurses Society for edema control and venous ulcer healing. [9] [10] [11] However, there is no consensus regarding the most effective compression therapy device, the best approaches for topical therapy, or the role of adjunct therapies, such as surgical correction of incompetent perforator veins. 12 The Scottish Intercollegiate Guidelines Network recommends high compression multilayer wraps as the best approach to compression therapy. 9 This guideline also addresses the importance of individualizing therapy based on the size and shape of the limb, the patient's tolerance or preference, and the practitioner's level of expertise. 13 Another way to correct venous insuffi ciency is surgical correction of the underlying anatomic defect; surgery may promote wound healing and prevent recurrence of VLUs in selected patients. 8 , 14 The most commonly performed surgical procedures for correction of venous insuffi ciency include surgical ablation of incompetent superfi cial veins and perforator veins and subfascial endoscopic perforator surgery (SEPS). 15 , 16 The SEPS procedure involves ligation of the incompetent perforator veins, which prevents backfl ow of blood and transmission of high pressures from the deep venous system to the superfi cial venous system. The aim of this systematic review was to review studies that compared healing rates and recurrence rates among VLU patients managed with compression therapy alone and those managed with compression therapy plus surgery.
■ Methodology
This systematic literature review targeted randomized controlled trials (RCTs) that compared compression therapy with and without surgery for the treatment of VLUs, published between 2002 and 2012. The search was performed using the following key words: leg ulcer; varicose ulcer; bandage; "stockings," "compression," venous ulceration; venous ulcer; compressive therapy; compression therapy; stocking; venous surgery. The search was conducted in December 2012, using the electronic databases MEDLINE/ PubMed and Cumulative Index to Nursing and Allied Health Literature (CINAHL)/EBSCOhost. Inclusion criteria were RCTs that compared healing rates for VLU patients treated with both compression therapy and any kind of surgical intervention versus RCT that evaluated VLU using conservative treatment with compressive bandages/stockings alone. Studies published in 3 languages (English, Spanish, and Portuguese) were included in this review; studies published in all other languages were excluded.
Sixty-seven studies were identifi ed, and abstracts for all of these studies were reviewed; 60 were rejected. Most of the rejected studies addressed only 1 treatment modality and did not provide comparative data. Seven of the studies appeared to meet the inclusion criteria based on abstract review, and I reviewed the full text for these 7 RCTs. Three studies did not meet inclusion criteria and were excluded (1 was written in Russian and 2 focused on different outcomes). Finally, 4 RCTs were selected for discussion in this article ( Table 1 ) .
■ Results
Four articles were selected for analysis; 2 were related to the same study (Effect of Surgery and Compression on Healing and Recurrence [ESCHAR] study). Both articles derived from the ESCHAR study reported the same outcomes but at different points following the intervention. The fi rst paper was published in 2004 and reported outcomes at 24 weeks and 12 months postintervention, 17 and the second paper, published in 2007, evaluated outcomes at 3 and 4 years postintervention. 18 The outcomes evaluated by the authors were healing rates and ulcer recurrence rates. The ESCHAR study screened 1418 patients with open VLUs or recently healed ulcers ( < 6 months); 500 met study criteria including ankle-brachial index test ≥ 0.85 and agreed to participate in the study. All patients were randomized to 1 of 2 groups; 258 patients received treatment with compression therapy alone and 242 received both compression therapy and surgery. At baseline (prior to intervention), 341 patients had open VLU (156 in the compression therapy plus surgery group and 185 in the compression therapy alone group) and 159 patients had recently healed wounds (86 were treated with surgery and compression and 73 with compression alone). The compression system used for patients in both groups was a 4-layer system, which provides 40 mmHg of pressure at the ankle and 17 to 20 mmHg in the upper calf. Elastic stockings class II, which provide 18 to 24 mmHg of pressure at the ankle, were used once the ulcer healed. Surgeries performed were saphenofemoral junction disconnection, stripping of the long saphenous vein to the knee, calf varicosity avulsions, and saphenopopliteal junction disconnection. Researchers used color duplex imaging to determine the best surgical approach for each patient. Patients in both groups were similar in regard to clinical and demographic characteristics commonly associated with delayed VLU healing.
Both groups showed similar healing rates after 24 weeks of follow-up (82% healing in the group treated with compression plus surgery, and 76% in the group treated with compression alone, P = .85). Four hundred twenty-eight patients with healed legs (159 with healed legs at baseline plus 269 whose ulcers healed during the fi rst 24 weeks of the study) were analyzed for ulcer recurrence at 12 months (214 patients in each group). The recurrence rate was signifi cantly lower in the compression plus surgery group when compared to subjects managed by compression alone (12% vs 28%; P < .0001). 17 However, when groups were compared at 3 years postintervention, 93% of patients were healed in the compression plus surgery group versus 89% in the compression group. This difference was not statistically signifi cant ( P = .73). Recurrence rates were also analyzed 4 years postintervention; this analysis included patients who had healed ulcers at baseline plus patients whose ulcers healed during the study (153 + 73 = 226 patients in the compression group and 130 + 86 = 216 in the compression plus surgery group). This comparison revealed signifi cantly lower recurrence rates in the compression plus surgery group (31% vs 56%; P < .001). 18 van Gent and colleagues 19 conducted a similar study in the enrolled subjects from 12 centers in the Netherlands. The researchers randomly allocated 103 VLU patients to the group treated with compression therapy alone, and 97 patients to treatment with surgery (SEPS) plus compression therapy. Subjects in the SEPS group underwent surgery of the superfi cial venous system (saphenopopliteal ligation and/or saphenofemoral ligation and limited stripping of the long saphenous vein). All patients were randomized by a computer program at an independent randomization center; in patients with bilateral leg ulcers, each ulcer was randomized separately. Patient characteristics were similar in both groups at baseline, with the exception of a higher proportion of diabetes mellitus in the group managed with compression alone. The compression system used was the 2-layer short-stretch bandaging system, which was used until the ulcer healed. The short-stretch system provides lower resting pressures (30-40 mmHg) and higher working pressures (40-50 mmHg at the ankle). After the ulcer healed, patients were asked to wear compression hosiery class II (18-24 mmHg) or III (25-35 mmHg), depending on concomitant incompetence of the deep venous system, and immediately report any recurrence.
The outcomes evaluated were healing rates and ulcerfree time. Ulcerfree time was defi ned as the total percentage of days during follow-up a patient had no open wound. The follow-up period from 0 to 36 months was divided into intervals of 3 months each in order to better observe the ulcerfree period. This outcome was considered for analysis only when the number of ulcerfree days was more than 45 days. For example, if the patient was ulcerfree for 50 days during an interval of 90 days, the percentage of ulcerfree time during that interval would be 100 × 50/90 = 55.5%. Therefore, each patient had 12 partial results at the end of the study, and the author averaged the percentage of ulcerfree time for each group (compression group vs surgical group). 
Trial Name, Authors, and Journal of the Analyzed Studies
Analysis of study fi ndings revealed an 83% VLU healing rate in patients treated with surgery plus compression therapy versus 73% in patients treated with compression therapy alone. Ulcer-free time averaged 72% in the surgery plus compression group versus 53% in the compressiononly group; this difference was not statistically signifi cant ( P = .11). However, patients in the surgical group had signifi cantly longer ulcerfree periods during follow-up (62% vs 33% in the conservative group; P = .02). In contrast, there was no statistical signifi cance in the overall recurrence rates for the group managed with surgery plus compression compared to subjects managed with compression alone (22% vs 23%; P = ns). 19 Taradaj and colleagues 12 evaluated 305 patients with VLU and ankle-brachial index test > 1.0. Participants had similar characteristics at baseline but were managed with a variety of therapies for 7 weeks. After the presenting VLU healed, the patient was scheduled for follow-up after 1 and 2 years. One hundred seventy-fi ve patients agreed to undergo surgery to correct the venous insuffi ciency; the remaining 130 subjects were assigned to a variety of treatment groups. All patients were randomly allocated to the groups using computer-generated random numbers sealed in sequentially numbered envelopes. The surgical procedures performed were crossectomy (also known as saphenopopliteal ligation), partial (short) stripping of the greater or short saphenous vein, local phlebectomy, and ligation of insufficient perforators. Patients were assigned to 10 groups; interventions included surgery, compression therapy, drug therapy, ultrasound, high-voltage stimulation, and low-level stimulation. Analysis revealed that surgery plus compression therapy achieved superior healing rates after 7 weeks to compression plus drug therapy or alternative treatments. In addition, patients who underwent surgery plus compression therapy and drug therapy (group D) had signifi cantly lower recurrence rates after 2 years than did subjects randomized to other treatment combinations ( Table 2 ) . 12 
■ Discussion
Results of the ESCHAR study and the Van Gent studies revealed no statistically signifi cant difference in healing rates for patients managed with compression plus surgery and those managed with compression alone. [17] [18] [19] In contrast, Taradaj's group 12 reported a statistically signifi cant difference favoring surgery plus compression. Nevertheless, fi ndings from this study must be interpreted with care because the investigation involved multiple treatment arms, with small numbers of patients in each arm, and because several of the treatment groups received drug therapy, which also may have affected outcomes.
When considering recurrence rates, both the ESCHAR study group and Taradaj found lower incidence of recurrence among patients who underwent surgery in addition to compression as compared to patients who were managed with compression alone. 12 , 17 In the ESCHAR study, there was a 12% recurrence rate at 1 year for patients managed with compression plus surgery, as compared to 28% in the group managed with compression alone ( P < .0001). 17 Recurrence rates at 4 years continued to favor surgery plus compression versus compression alone (31% vs 56%; P < .001). 18 Taradaj and colleagues   12 also reported lower recurrence rates at 2 years postintervention in patients who received surgery, compression, and drug therapy compared to the group that received compression stockings and drug therapy ( P < .001). In contrast, van Gent did not fi nd any statistical difference in recurrence rates for patients treated with compression alone and those treated with compression plus surgery (23% and 22%, respectively). 19 Taradaj and colleagues suggest that a possible cause for the high recurrence rates J WOCN ■ January/February 2015
could be the quality of the SEPS procedure and recommend further evaluation. 19 Considered collectively, evidence from these studies indicates that complementing compression with surgical procedures in select patients to correct venous insufficiency does not reduce VLU healing time. Nevertheless, existing evidence suggests that surgical intervention may promote healing of ulcers in some patients, reduce the risk of recurrence, and prolong ulcer free periods. 20 , 21 ■
Conclusion
The results of the 4 studies reviewed in this article support compression therapy as the main pillar of VLU care. Evidence also supports that surgical correction of venous insuffi ciency may be a viable treatment option for some patients, prolonging ulcerfree periods and reducing the rate of recurrence.
KEY POINTS
✔ Compression therapy is the primary option for effective treatment for VLU.
✔ Surgical procedures that correct venous insuffi ciency may reduce VLU recurrence.
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